The synergistic interactions between the activated carbon fabrics (ACFs) and the toxic Cr(VI) were investigated aiming to functionalize the ACFs and to remove the toxic Cr(VI). The effects of pH, treatment time, initial Cr(VI) concentration and ACFs dose on the Cr(VI) removal were studied. Different pH values had different effects on the Cr(VI) removal by ACFs, pH = 1.0 was found to be the optimum. For the pH = 1.0 solution, the Cr(VI) in the aqueous solution was reduced to Cr(III) and adsorbed onto the ACFs, and the C-O and C=O functional groups were found on the ACFs surface. The redox kinetic in the pH = 1.0 solution could be described by the pseudo-first-order model and the typical value of the pseudo-first-order rate constant was calculated to be 0.0872 min −1 . Langmuir, Freundlich, and Temkin adsorption isotherm models were applied to describe isotherm behaviors. The Cr(VI) equilibrium data agreed well with the Langmiur isotherm model with a maximum adsorption capacity of 5.59 mg g −1 . The ACFs could be easily regenerated by 1.0 mol L −1 sodium hydroxide and effectively recycled 7 times with the removal percentage decreased by 16.5%, which was caused by the irreversible formation of oxygen functional groups on the surface of ACFs. for total chromium according to the national primary drinking water regulations. 5, 6 Chromium exists in the environment mainly in two states: Cr(III) and Cr(VI). Cr(III) is an essential element in humans and is much less toxic than Cr(VI). Cr(VI) is highly soluble and mobile, primarily presented in the form of chromate (CrO 4 2− ) and dichromate (Cr 2 O 7 2− ) ions. 7, 8 Due to the health hazards of Cr(VI), numerous studies concerning its removal from aqueous solutions have been performed using different processes, including cyanide treatment, 9 electro-chemical precipitation, 10 ion exchange, 11 and adsorption.
Hexavalent chromium, one of the main pollutants, has been widely used in various industries including electroplating, 1 leather tanning, 2 metal finishing 3 and mining. 4 Chromium can cause severe environmental and public health problems. The US Environmental Protection Agency (EPA) has classified chromium as Group A carcinogen and allows a maximum contaminant level (MCL) of 100 μg L −1 for total chromium according to the national primary drinking water regulations. 5, 6 Chromium exists in the environment mainly in two states: Cr(III) and Cr(VI). Cr(III) is an essential element in humans and is much less toxic than Cr(VI). Cr(VI) is highly soluble and mobile, primarily presented in the form of chromate (CrO 4 2− ) and dichromate (Cr 2 O 7 2− ) ions. 7, 8 Due to the health hazards of Cr(VI), numerous studies concerning its removal from aqueous solutions have been performed using different processes, including cyanide treatment, 9 electro-chemical precipitation, 10 ion exchange, 11 and adsorption. [12] [13] [14] [15] [16] Among all of them, adsorption is a versatile method for metal removal including Cr(VI) due to its low operation cost and short operation time without secondary toxic compounds. 17, 18 Activated carbons are of common use in many advanced environmental applications, such as, purification, 19 decolorization, 20, 21 depollution, 22 deodorization, 23 and metal adsorption. 24 They have various forms: grains, powders and fibers. Fibers can be arranged to packed beds or be glued together using various binder systems. ACFs making of carbon fibers exhibit strong mechanical properties, impressive thermal stability, and good resistance to solvents and acids. Compared to granular or powdered adsorbents, they have higher specific surface areas (>1000 m 2 g −1 ) and faster kinetics of adsorption with easiness of regenerative use. 25 ACFs can additionally be folded and mounted on frames to fit in various systems, holding forth the promise of extensive use in many respects. 26, 27 Even though various available adsorbents like activated carbons, 9, 27, 28 sawdusts, 29 cyanobacteriums 30 and baggasse fly ashes 31 have been reported to remove hazardous heavy metals, most of them have a low Cr(VI) adsorption capacity. 32 Compared with others, ACFs have been investigated as promising adsorbents for removing heavy metals, 33 as they can be easily modified by chemical treatments to increase their properties, easy to be operated and recycled. Though the Cr(VI) adsorption behaviors of the ACFs have been explored for Cu(II), Ni(II), Pb(II) and Cr(VI), 34 * Electrochemical Society Active Member. z E-mail: suying.wei@lamar.edu; zhanhu.guo@lamar.edu the mechanism of the adsorption of ACFs and synergistic interactions between ACFs and heavy metal were unfortunately rarely reported. To understand the surface functionalities of the ACFs will help the design of functional polymer nanocomposites, where the interfacial bonding and compatibility with the hosting polymer matrix will be very critically important.
In this paper, the synergistic interactions between the as-received ACFs and the toxic Cr(VI) is explored. The effects of pH value, treatment time, initial Cr(VI) concentration and ACFs dose on these synergies have been studied. The surface functionalities of the ACFs after treated with the Cr(VI) solutions with different pH values for different treatment time have been systematically studied by X-ray photoelectron spectroscopy (XPS), thermogravimetric analysis (TGA), Raman spectroscopy, scanning electron microscopy (SEM) and Energy dispersive spectroscopy (EDS). The kinetic and adsorption isotherm behaviors of the as-received ACFs in the Cr(VI) solution with a pH value of 1.0 have been investigated. And the regeneration of as-received ACFs has been reported as well.
Experimental
Materials.-Activated carbon fabrics (1500 m 2 g −1 ) were purchased from American Technical Trading, Inc. ACFs were washed with deionized water and dried at 50
• C in vacuum oven overnight before usage. The effect of ACFs dose on the Cr(VI) removal was studied by using ACFs with a loading from 0.1 to 0.8 g L −1 to treat 50.0 mL Cr(VI) solution with a Cr(VI) concentration of 1000 μg L −1 at pH = 1.0 for 30 min.
The effect of initial Cr(VI) concentration on the Cr(VI) removal was investigated by using ACFs (40.0 mg) to treat Cr(VI) solutions (50.0 mL, pH = 1.0) with Cr(VI) concentration varying from 1000 to 4000 μg L −1 for 30 min. For kinetic study, the ACFs (50.0 mg) were carried out to treat 80.0 mL Cr(VI) solution with an initial Cr(VI) concentration of 1000 μg L −1 at pH = 1.0 for different treatment periods. The Cr(VI) removal tests were all conducted at room temperature.
The adsorption-desorption cycles were carried out as follows: (a) adsorption experiment: the ACFs (40.0 mg) were ultrasonically treated in 50.0 mL Cr(VI) solution (1000 μg L −1 , pH = 1.0) for 30 min; and (b) desorption experiment: the ACFs after adsorption were ultrasonically treated with 10 mL 0.1 mol L −1 NaOH solution over a period time of 10 min.
The final concentration of Cr(VI) was determined by colorimetric method. 35 For colorimetric analysis, the chromium solution (5.25 mL) was taken into test tube, o-phosphoric acid (0.50 mL, 4.5 M) and DPC acetone solution (0.25 mL, 5 g L −1 ) were added. After incubated at room temperature for 30 min for color development, the absorbance of the sample was measured in a UV-vis spectrophotometer (Cary 50). The obtained standard fitting equation was A = 9.7232 × 10 −4 C; where C is the concentration of Cr(VI), A is the absorbance at 540 nm wavelength obtained from the UV-vis spectrophotometer.
The Cr(VI) removal percentage (R%) is calculated using Equation 1:
where C 0 (μg L −1 ) is the initial Cr(VI) concentration and C e (μg L −1 ) is the final Cr(VI) concentration in solution after treatment.
Characterization.-The morphologies of the ACFs samples were observed with JEOL field emission scanning electron microscope (JSM-6700F system). The EDS attached to the SEM was used to characterize the elemental component for both the fresh and treated ACFs.
The thermal stability of the ACFs and the ACFs samples after treated with Cr(VI) solution was conducted in a thermo-gravimetric analysis (TGA, TA instruments, Q-500) with a heating rate of 10
• C min −1 under an air flow rate of 60 mL min −1 from 30 to 800
• C. The X-ray photoelectron spectroscopy (XPS) measurements were performed in the Kratos AXIS 165 XPS/AES instrument using a monochromatic Al K radiation to see the elemental compositions. The C1s and Cr2p peaks were deconvoluted into the components consisting of a Gaussian line shape Lorentzian function (Gaussian = 80%, Lorentzian = 20%) on Shirley background.
Raman spectra were obtained using a Horiba Join-Yvon LabRam Raman confocal microscope with 785 nm laser excitation at a 1.5 cm −1 resolution at room temperature.
Results and Discussion
Interaction between the ACFs and Cr(VI).- Cr(VI) solution. In the ACFs sample, the main C 1s binding energy peak at around 285 eV and O 1s binding energy peak at around 533 eV 36 are observed. Compared with the as-received ACFs, the ratio of the intensity of the elemental oxygen to the intensity of the elemental carbon on the surface of the treated ACFs increases. And according to quantity report from XPS, the mass concentrations of C 1s, O 1s and Cr 2p of the treated ACFs are 74.17, 21.98 and 3.84%, respectively, while those of the as-received ACFs are 97.58, 2.42 and 0%, respectively. The increased amount of oxygen in the treated ACFs is attributed to the formation of oxygen functional groups on the ACFs, which agrees well with the EDS analysis.
The deconvolution of the high resolution C 1s XPS spectra of the as-received ACFs and the ACFs treated with pH = 1.0, 1000 μg L −1
Cr(VI) solution are shown in Fig. 2C & 2D , respectively. The C 1s peak of the as-received ACFs in Fig. 2C is smoothly deconvoluted into three fitting curves with peaks at 284.7, 285.3 and 290.5 eV, which can be assigned to the sp 2 -bonded C-C, the sp 3 -bonded C-C and the O-C=O group, respectively. 37 However, for the treated ACFs in Fig. 2D , new peaks attributed to the C=O and C-O group appear at around 289.0 and 286.6 eV, respectively. [38] [39] [40] This suggests that the carbon in the ACFs has been oxidized (C-H → C-OH→ C-O and C=O) after treated with pH = 1.0, 1000 μg L −1 Cr(VI) solution. 41 The Cr element valence state after adsorption is also examined by XPS measurement. Fig. 2A shows the Cr 2p spectrum of the ACFs sample after treated with pH = 1.0 solution with a concentration of 2.0 g L −1 for 10 min at room temperature. In the low Cr(VI) concentration solution, such as 1000 μg L −1 , the Cr element cannot be detected by XPS measurement, thus the high Cr(VI) concentration of 2 g L −1 is chosen for the Cr element valence state evaluation. Generally, for the Cr 2p XPS spectrum, the characteristic binding energy peaks for the Cr(VI) are at 580.0-580.5 and 589.0-590.0 eV and the Cr(III) characteristic binding energy peaks at 577.0-578.0 eV from the Cr 2p 3/2 orbital and 586.0-588.0 eV from the Cr 2p 1/2 orbital. 42, 43 The observed binding energy peaks of Cr 2p located at around 577.5 and 588.2 eV in Fig. 2B , characteristic of Cr(III) confirm that the adsorbed Cr is in the Cr(III) form on the ACFs. 42 The presence of Cr(III) on the ACFs implies that the Cr(VI) ions have been reduced to Cr(III) ions. This indicates that the Cr(VI) adsorption process is occurred through a combined redox reaction, in which the toxic Cr(VI) is reduced to non-toxic Cr(III) and absorbed on the ACFs. On the other hand, the ACFs are oxidized as confirmed by C1s XPS spectra (Fig. 2C & 2D) .
To further confirm that Cr(III) have been adsorbed onto the ACFs after redox reaction, an ammonium persulfate (APS) oxidant was used to oxidize the possible Cr(III) to Cr(VI) to trace the fate of Cr. After excessive amount of ACFs (50.0 mg) treated with 50.0 mL Cr(VI) solution (pH = 1.0 1000 μg L −1 ) for 30 min, the ACFs were taken out from the solution, no Cr(VI) ion was detected by the colorimetric method in the solution implying a complete removal of Cr(VI). Excessive 0.1 mol/L APS aqueous solution as oxidizing agent was added to the above solution, 44 and the mixed solution was heated to 90
• C for 10 min, the colorimetric analysis confirmed the absence of Cr(VI) in the solution. Furthermore, the above treated ACFs had been treated following the same as the treated solution, the ACFs were added to excessive 0.1 mol/L APS solution, then heated to 90
• C for 10 min. UV-vis results show that Cr(VI) was detected in the latter APS treated ACFs solution, suggesting that the Cr(VI) was reduced to Cr(III) and Cr(III) was completely adsorbed on the ACFs. This 3+ , the adsorption of Cr(III) on the surface of ACFs occurs through the electrostatic attraction between the carbon-oxygen functional groups and Cr(III). 45 In summary, the adsorption of Cr(VI) using ACFs as absorbent is through a redox reaction, the Cr(VI) is reduced to Cr(III) that adsorbed on the ACFs, and the ACFs are oxidized. The C=O and C-O groups are formed on the ACFs after treated in pH = 1.0 Cr(VI) solution. The synergistic interaction between Cr(VI) and the ACFs in the pH = 1.0 solution is shown in Scheme 1.
Effects of pH value of Cr(VI) solution on the ACFs.-
The solution pH is an important parameter influencing the heavy metal removal process, including Cr(VI) removal. 16, 46 The pH dependent heavy metal removal is related not only to the metal chemistry in the solution but also to the type of the adsorbents. In However, in alkaline solution, the CrO 4 2− is the dominating ions in solution. The oxidation ability of CrO 4 2− is weaker than that of Cr 2 O 7 2− ion due to the low redox potential (−0.13 V) and the Cr(III) hydroxide precipitation is produced:
To better understand the interactions between ACFs and Cr(VI) in the solution with different pH values, the TGA and Raman spectra of the ACFs and the ACFs samples treated with solutions with different pH value were conducted, Fig. 4 & 5. In the TGA curves, Fig. 4 , the as-received ACFs exhibit two-stage weight loss before 100
• C and from 500 to 650
• C, which are due to the weight loss of the physically adsorbed water and the thermal degradation of the hexagonal carbon from the ACFs, respectively. 49 The TGA curves of the ACFs samples treated with Cr(VI) solutions with different pH value have different thermal degradation profile from the as-received ACFs. Another weight loss from 110 to 200
• C is observed in the ACFs sample treated with pH ≥ 1.0 Cr(VI) solution. This is attributed to the degradation of the C-O groups. 50, 51 However, for the ACFs sample treated with pH = 1.0 Cr(VI) solution, except for the weight loss of C-O group, additional weight loss and endothermic peak at around 220-300
• C are observed in Fig. 4A & 4B , respectively, arising from the degradation of C=O group. 52 However, the TGA curve of the ACFs sample treated with high pH value of 10.0 only has two weight loss regions similar to the as-received ACFs, due to the weaker oxidation ability of Cr(VI) ion in high pH Cr(VI) solution. The ACFs samples treated with Cr(VI) solutions with different pH value have different thermal stability. The degradation temperature (defined as 10% weight loss of total weight subtracting the weight of physically absorbed water) is 560, 389, 427, 468 and 491
• C for the as-received ACFs sample and the ACFs samples treated with pH = 1.0, 2.0, 4.0, 8.0 and 10.0 Cr(VI) solutions, respectively. The thermal stability of ACFs samples increases with increasing the pH value of Cr(VI) solution due to the higher degree of carbon oxidation in low pH solution arising from the much higher redox potential of Cr(VI) in acid solutions than that in alkaline solutions. 53 In order to evaluate the degree of surface structural change of the ACFs during the interactions with Cr(VI), the Raman spectra of the ACFs treated with Cr(VI) solution (1000 μg L −1 ) of different pH values for 30 min were obtained, Fig. 5 . Generally, the Raman spectra, well known as an important way to obtain the structural characterization of graphitic materials, can provide valuable information about the defects, stacking of the graphene layers and the crystallite size to the hexagonal axis, which are normally not detectable in other analytical tools. 54 Carbon fibers are a graphite-like material, the disorder-induced D-band at around 1293 cm −1 indicates the presence of the defects on the fiber arising from the sp 3 C-C bonds formed in the surface treatment. The tangential mode (E 2g symmetry, graphite mode) G-band appearing at 1585 cm −1 is due to the sp 2 C=C bond stretching vibrations. 55 The intensity of D-band and the intensity of G-band are found to continuously increase, Fig. 5 , and the R value (defined as I D /I G , the integrated intensity of the D band divided by the integrated intensity of the G band) is continuously increased with increasing pH value. This result suggests that certain amount of structural disorder is generated by the preferential attack of oxygen species on the surface of the fibers 37, 56 and the disorder is more pronounced in acidic solutions than that in alkaline solutions, which is consistent with the analysis of TGA. ) and large active sites for reacting with the Cr(VI). Although the removal percentage is observed to decrease with increasing the initial Cr(VI) concentration since these sites become saturated with increasing the Cr(VI) concentration and cannot accommodate excessive Cr(VI) at higher Cr(VI) concentration. 57 The TGA analysis is also used to investigate the structural change of the ACFs samples treated with pH = 1.0 Cr(VI) solution over different period time ranging from 5 to 60 min for the initial Cr(VI) concentration of 1000 μg L −1 . The results are shown in Fig. 6A , compared to the weight loss curve of the as-received ACFs, the TGA curves of the ACFs sample treated with 1000 μg L −1 pH = 1.0 Cr(VI) solution, have two additional weight loss regions at around 110-200 and 220-300
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• C, which are attributed to the degradation of C-O and C=O groups, respectively, as justified by XPS studies, Fig. 1C . In addition, the thermal stability of the ACFs sample after treated with pH = 1.0 Cr(VI) solution decreases because of the formation of C-O and C=O groups on the surface of the ACFs. However, for the ACFs samples treated with pH = 1.0, 2 g L −1 Cr(VI) solution over different period time ranging from 5 to 60 min, the thermal stability of all the ACFs samples decreases dramatically, Fig. 6B , the ACFs samples begin to degrade at around 100
• C and are completely degraded before 450
• C. This is attributed to strong oxidation of high concentrated Cr(VI) solution, and more and more oxygen functional groups are formed on the ACFs, as verified by prior EDS and XPS analysis.
The Raman spectra of the as-received ACFs and the ACFs samples treated with pH = 1.0, 2 g L −1 Cr(VI) solution with different period time are shown in Fig. 7 , the width of D band and G band of the treated ACFs with treatment time from 5 to 60 min, becomes broadened, D band peak shifts from 1293 to 1300 cm −1 , and the R value is continuously increased, indicating that the disorder of the ACFs increases with increasing the treatment time, the disorder of the ACFs treated with concentrated Cr(VI) solution is more serious than that with the 1000 μg L −1 Cr(VI) solution, and more oxygen functional groups are introduced on the surface of the ACFs.
Effects of the ACFs dose on the ACFs.-The effects of the ACFs dose on the Cr(VI) removal percentage were tested over the same 30 min treatment, Fig. 1D . The removal percentage is observed to increase with increasing the ACFs concentration, which is due to the more available active sites for trapping Cr(VI). 7 At low dose (<0.6 g L −1 ), the Cr(VI) removal percentage increases sharply, when the dose increases to 0.6 g L −1 , the Cr(VI) in the solution is almost removed 100%. The dose of 0.8 g L −1 can remove 50.0 mL solution contaminated with 1000 μg L −1 initial Cr(VI) concentration, indicating that the ACFs have a good removal performance for Cr(VI) contaminated solution.
Adsorption kinetics.-The kinetics of the adsorption describing the Cr(VI) uptake rate is one of the important characteristics, which controls the residence time of adsorbate uptake at the solidliquid interface. In the present study, the kinetics of Cr(VI) removal was carried out to understand the adsorption behavior of the ACFs. Pseudo-first-order, 58 pseudo-second-order, 59 Elovich 60,61 and intraparticle diffusion 62 kinetic models are investigated and comparatively tested for the ACFs adsorption behavior. The correlation coefficient 
a q t is the solid-phase loading of Cr(VI) in the adsorbent at a time t, q e is the adsorption capacity at equilibrium, k 1 is the rate constant of pseudo-first-order adsorption. In pseudo-second-order model, k ad is the rate constant of adsorption and h is the initial adsorption rate at t approaching zero, h = k ad q e 2 . α and β represent the initial adsorption rate and desorption constant in the Enovich model. k dif indicates the intraparticle diffusion rate constant and C provides information about the thickness of the boundary layer.
(R 2 , close or equal to 1) is introduced to evaluate the suitability of different models, the higher R 2 value indicates a more applicable model to the kinetic of Cr(VI) adsorption.
The fitting results obtained from different models are summarized in Table I 
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Adsorption isotherm models.-The adsorption isotherm models are widely used to describe the relation between the equilibrium concentration and adsorption capacity at a constant temperature. Langmuir, 66 Freundlich 67 and Temkin models 68 were used to process the experimental data.
The Langmuir isotherm model 13 assumes that adsorption is essentially monolayer coverage, all the sites are the same and it neglects the interaction among the adsorbed molecules. The Freundlich isotherm model 69 supposes the surface of adsorbent is heterogeneous, the heat of adsorption on the surface is a nonuniform distribution and the adsorption is a multilayer coverage. Temkin isotherm model 70 is based on the assumptions: (a) the behavior of adsorption is heterogeneous systems; and (b) the adsorption heat linearly decreases with increasing adsorption quantity, and the adsorption binding energy is distributed uniformly. The equilibrium adsorption experiment was investigated by using ACFs (40.0 mg) to treat Cr(VI) solution (50.0 mL, pH = 1.0) with Cr(VI) concentration varying from 1000 to 4000 μg L −1 for 60 min, the parameters calculated from these three isotherm models are listed in Regeneration of ACFs.-From a practical point of view, the recycling and reuse of the adsorbent is an economic necessity. To evaluate the reusability of ACFs, 0.1 mol L −1 NaOH solution was selected to be a desorption agent in the Cr(VI) desorption experiment. The saturated ACFs (40 mg) were ultrasonically treated with 10 mL 0.1 mol L −1 NaOH solution over a period time of 10 min. The adsorption-desorption cycles were repeated seven times, the removal percentage of Cr(VI) in every run is shown in Fig. 8 . The removal percentage of Cr(VI) remains 100% for the fourth regeneration cycle, then decreases slowly. As compared to the first adsorption, the a C e and q e is the concentration and adsorption capacity at equilibrium, respectively, q max is the monolayer adsorbent capacity, b is the energy constant of adsorption. k f is the Freundlich capacity factor and n is the Freundlich's intensity factor, the value of n in range of 1-10 denotes favorable adsorption. A T and B T are the Temkin constants. R is the universal gas constant 8.314 J mol −1 K −1 , and T is the absolute temperature.
) unless CC License in place (see abstract). ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 160.36.33.186 Downloaded on 2016-06-10 to IP Figure 9 . (A) SEM microstructure of the ACFs sample after the 7 th desorption and (B) the TGA curves of (a) the as-received ACFs and (b) the ACFs sample after the 7 th desorption. Top inset is the EDS spectrum of the ACFs sample after the 7 th desorption obtained from the SEM imaged area.
removal percentage of Cr(VI) at the seventh cycle is decreased by about 16.5% to a value of 83.5%, indicating that the ACFs have a good regeneration and reusability for many times. The SEM-EDS and TGA characterization of the ACFs sample after the 7 th desorption were conducted to investigate the reasons for the decreased Cr(VI) removal behavior, the results are shown in Fig. 9 . In Fig. 9A , the SEM image of the ACFs after the 7 th desorption is almost the same as the fresh ones, Fig. 1A , and the surface of these ACFs is still smooth and the diameter is uniform, thus there is no obvious damage or etch on the ACFs after the 7 th desorption. Though there is no obvious damage from the SEM image, some differences between the as-received ACFs and the ACFs sample after the 7 th adsorption are observed in the TGA curves, Fig. 9B . The TGA curves of the ACFs sample after the 7 th desorption has three weight loss regions, The first one is assigned to the physically absorbed water, the second one at around 100-200
• C is the degradation of C-O group as discussed in the Fig. 4 . The last one from 200 to 650
• C is the degradation of the C=O group and the hexagonal carbon from the ACFs. Compared to the fresh ACFs, oxygen functional groups are formed on the surface of the ACFs and accumulated on the ACFs, which cannot be removed by the desorption process. Thus, the decreased chromium removal behavior of the ACFs is caused by the accumulation of C-O and C=O groups on the ACFs, which cannot be irreversible removed by 0.1 mol L −1 NaOH solution.
Conclusions
The synergistic interactions between the ACFs and the toxic Cr(VI) solutions with different pH values were investigated. FT-IR, TGA, SEM and XPS analyzes show that the Cr(VI) in the solution with different pH values has different effects on the ACFs. For the pH = 1.0 Cr(VI) solution, the as-received ACFs are strongly oxidized by Cr(VI) solution with the formation of the C-O and C=O functional groups on the ACFs. For the pH > 2.0 Cr(VI) solutions, the Cr(VI) removal percentage decreases dramatically and some oxidation of the ACFs is also observed, which is not intense as that in the pH = 1.0 solution. The kinetics for different Cr(VI) removal models shows that in the pH = 1.0 solution, the redox reaction dominates the Cr(VI) removal process and follows a pseudo-first-order behavior. The Langmiur, Freundlich and Temkin isotherm models are used to study the adsorption behavior; Langmuir isotherm model fits best to the experimental data. The recycle of ACFs has been run for 7 times and shown good regeneration.
